Introduction
The publication of the Brundtland Commission report in 1987 introduced a critical new dimension to our conception of economic development by raising the issue of the sustainability of development. While definitions of sustainable development abound (Pezzey 1989 is a good summary), economists have settled on a simple formulation that can capture a very rich set of phenomena: a development path is sustainable if total welfare does not decline along the path. As long as the welfare function is sufficiently expansive in what it measures (consumption, environmental quality, social equity, and other factors contributing to the quality of life), this definition permits a rigorous characterization of sustainable development. Pearce et al. (1989) take the sustainability argument one step farther by positing the existence of critical natural capital (the ozone layer, for instance) for which no substitute exists. This conception of strong sustainability therefore requires the preservation of critical natural capital in order for development to be sustainable. Weak sustainability assumes that there are substitutes for all assets.
As should be obvious, opting for sustainability is an ethical decision. The Utilitarian maximand assumed in most models of economic growth, the present value of welfare along the optimal path, can be shown to lead to unsustainable outcomes under simple assumptions (fixed technology and pure rate of time preference combined with an exhaustible resource that is essential for production -see Dasgupta and Heal 1979) . Choosing sustainability implies a concern with the welfare of future generations that is not captured by the Utilitarian maximand. The fact that most countries and international institutions have adopted sustainable development as an explicit goal suggests that a powerful impulse is at work.
While the question of sustainability is relevant for all resource-dependant economies, it is particularly stark for extractive economies. Economists posed this question in somewhat different words at the time of the first oil crisis of the 1970's: would economies that depend upon an exhaustible resource inevitably decline as the resource is depleted? An early paper on this topic by Solow (1974) spurred Hartwick (1977) to provide a simple answer to this question. If the "Hartwick rule" is followed, so that investment in produced capital just equals current scarcity rents on the exhaustible resource at each point in time, then the resulting path for the economy is one where welfare equals a maximal constant value ad infinitum -in other words, this is a sustainable economy. This holds even for a fixed technology. Hamilton (1995) explores the critical role that the elasticity of substitution between produced assets and natural resources plays in the feasibility of the Hartwick path. This chapter will develop a theoretical approach to measuring whether an economy is on a sustainable path, and then present empirical evidence on the sustainability of a range of extractive economies. While sustainability is not the only issue in managing an economy that is dependent on natural resources, it is a critical issue if societies do in fact adopt an ethical stance that is concerned with the welfare of future generations.
Expanded national accounting is the tool that will be used below to shed light upon the question of sustainable development. Valuing depletion and degradation within a national accounting framework is an increasingly viable proposition, both as a result of the significant progress made in the techniques of valuation of environmental resources (see, for example, Freeman 1994) and as a result of the expanding foundation that theoretical developments are placing under the methods of 'green' national accounting (Weitzman 1976; Hartwick 1990; Mäler 1991; Hamilton 1994 Hamilton , 1996 . The first cross-country application of these greener accounting methods to the measurement of net savings appeared in Pearce and Atkinson (1993) , who combined published estimates of depletion and degradation for 20 countries with standard national accounting data to examine true savings behaviour. By this measure many countries appear to be unsustainable because their gross savings are less than the combined sum of conventional capital depreciation and natural resource depletion (see also Atkinson et al. 1997 for a more complete treatment).
Enlarging the concept of net saving to include the depletion of natural resources is a natural extension of traditional savings concepts. This is because the depletion of a natural resource is, in effect, the liquidation of an asset and so should not appear as a positive contribution to net income or net savings. While minor technical issues remain, the methods of valuing the depletion, discovery and growth of commercial natural resources in the context of the SNA are by now well developed (Hamilton 1994; Hill and Harrison 1994) .
The indicator of sustainability developed below is termed "genuine saving," to distinguish it from the usual national accounts definitions of saving. Not surprisingly, the definition of this measure hinges on a fundamental question: what is income?
Genuine saving as a sustainability indicator
However it may be defined in detail, achieving sustainable development necessarily entails creating and maintaining wealth. Given the centrality of savings and investment in economic theory, it is perhaps surprising that the effects of depleting natural resources and degrading the environment have not, until recently, been considered in the measurement of national savings. Augmented measures of savings and wealth in the national accounts offer promise, therefore, as indicators of sustainable development, which was a prime motiva tion for the publication of Expanding the Measure of Wealth (World Bank 1997) .
For this to be a useful framework for the analysis of sustainability, however, a suitably expansive definition of wealth is required. At a minimum, wealth should include produced assets, human capital, natural resources, and liabilities in the form of stocks of pollution -this goes far beyond the usual confines of national accounting, and introduces new challenges in both theory and measurement. Some of the theoretical underpinnings of expanded national accounting are presented in Annex 1, while measurement issues are considered below.
Wealth represents the potential to generate income or, more broadly, to generate welfare. Changes in wealth are therefore intimately linked to the question of sustainability, and the notion of 'genuine' saving can most simply be conceived as the net change in wealth over an accounting period as new assets are invested, old assets depreciate, and human and natural resources are augmented or depleted.
The accounting relationships can be made more precise as follows. First, net national saving NNS is equal to the amount of gross national product GNP that is not consumed C, less the value of depreciation of produced assets δK:
Genuine saving G goes beyond this definition by deducting the depletion of subsoil resources R, valued at the unit resource rental rate n s , and the net depletion of living resources (measured as harvest h minus growth g) valued at rental rate n l , then by deducting net pollution accumulation e valued at marginal social costs σ, and finally by adding current educational expenditures E as a measure of investment in human capital:
The economic principles underlying this expression derive from growth theory. In the model of depletion and discovery of subsoil resources presented in Annex 1, a more general and allencompassing expression for wealth is employed: wealth is equal to the present value of welfare (assumed to include, for example, the amenity value of the environment as well as consumption) along the optimal development path for the economy. From this can be derived the formal definitions of the national accounting aggregates of interest:
NNP (net national product) is the maximum amount of produced output that could be consumed at a point in time while leaving wealth instantaneously constant.
Genuine savings is the difference between NNP and consumption.
Note that the definition of NNP is a straightforward generalization of Hicks' (1946) definition of income, where Hicks referred to income as the maximum amount that could be consumed while still leaving oneself as well off at the end of the accounting period as at the beginning. Being 'as well off' in the current context implies maintaining the level of the present value of welfare along the optimal path. This is equivalent to the definition employed in Pemberton and Ulph (1997) .
One of the key results from theory, shown in Annex 1, is that negative genuine saving implies that welfare must decline at some point in the future on the optimal development path, i.e., that negative genuine saving implies unsustainability. More generally, the sign of the savings indicator tells us whether the prospects for social welfare (technically, the change in the present value of social welfare) are increasing or decreasing -this result is also derived in Dasgupta and Mäler (2000) . In practical terms, this result can be taken to imply that continuing the policy mix that leads to negative genuine savings will eventually lead to an unsustainable outcome.
This framework is general enough to handle strong as well as weak sustainability. As long as it is assumed that there are unbounded losses of welfare associated with some stock of critical natural capital falling below a threshold, measuring negative genuine savings will indicate that the optimal development path is not sustainable.
Practical genuine saving measures
While theory gives clear answers on the definition of expanded accounting aggregates such as genuine saving, it is important to consider some of the practical issues involved in actually measuring these aggregates.
Several points about the expression for genuine saving are worth noting. First, current educational expenditures clearly include a consumption element as well as investment. Second, human capital investment should be valued on the basis of marginal rather than average costs (these are, of course, equal to marginal benefits at the optimum), and so current expenditures may represent an under-valuation of human capital investment. Third, this approach ignores human capital depreciation. Next, although in principle forest growth that exceeds harvest should be added to genuine saving, in practice it is likely that many of the trees in 'net growth' countries are not economic. Finally, turning to pollution, care must be taken to exclude any damages that are already reflected in GDP, such as loss of current output in the forestry or agriculture sectors as a result of pollution emissions.
The economic principles underlying mineral accounting are well understood: (i) asset values should be measured as the present value of economic profits over the life of the resource; and (ii) asset depreciation should be measured as the user cost, the change in asset value associated with extraction of the mineral over the accounting period. If there were a private market for subsoil resource deposits, these values for assets and depletion could be readily observed in market transactions and the accounts of resource owners. In practice, virtually all resource deposits around the world are owned by states, which in turn contract out the extraction of resources in return for the payment of royalties.
Under these circumstances the wealth accounting problem lies in the estimation of values for resource assets and their depletion, with the aim of arriving at an approximation of the values that would be observed in a free market. A key practical problem with the above expression for genuine saving, derived from growth theory, is that it assumes full optimality: for a given resource, scarcity rents are assumed to obey the Hotelling rule, and the optimal extraction path maximizes the present value of total resource rents. There are a wide variety of reasons why real mines and forests may not behave the same as textbook mines and forests, including the influence of distortionary taxes, oligopolistic pricing, and incomplete property rights regimes.
There are two polar methodologies for estimating mineral depletion in the natural resource accounting literature: the simple present value approach (El Serafy 1989), which assumes constant total rents and no optimization, and the total rent approach (Repetto et al. 1989) , which is consistent with optimality only if resource prices can be assumed to increase at a nearexponential rate. For low social discount rates (which feed into the calculation of resource stock values in the simple present value approach) and moderate resource asset lives (less than 20 years, which is typical for many minerals) the divergence in estimates between the competing methodologies is not huge.
There are many possible methods for estimating mineral depletion and no obvious 'best' method given the divergences between the real world and textbook optimality. As the most parsimonious approach in terms of data requirements, total rents are used to derive the empirical results below.
Coverage and calculation issues
The list of data sources for the resource rental estimates are given in Hamilton and Clemens (1999) . The basic approach to calculating resource rents for non-renewable resources is to subtract country-or region-specific average costs of extraction from the world price for the resource in question, all expressed in current US dollars. Many world prices were derived from World Bank commodity data -where multiple markets, e.g., London and New York, are reported, a simple average of these market prices serves as the world price.
For minerals the levels of total resource rents are thus calculated as:
Rent = World price -mining cost -milling and beneficiation costs -smelting costs -transport to port -'normal' return to capital.
For crude oil, unit rents are calculated as the world price less lifting costs. Natural gas, though its international trade has soared in recent years, does not have a single world price. A world price was estimated by averaging free-on-board prices from several points of export worldwide, following which the unit rents were calculated as for oil.
For hard coal, a world price was calculated by combining data on steam and coking coals after adjusting for differences in heat content and quality. A world price for lignite was obtained by analysis of national-level differences in prices between hard coal and lignite in various countries and estimating a similar proportion of values with respect to the world price for hard coal. Unit rents for both hard coal and lignite were then calculated as for oil.
For forest resources, a price for the wood of each country was calculated based on the proportions of fuelwood, coniferous softwood, non-coniferous softwood, and tropical hardwood found in its total annual production. Representative world prices were used for each type of wood, and a price for fuelwood was estimated using World Bank data. Unit rents were calculated by subtracting average unit production costs from the world price.
There are several further points to note about this methodology:
• Countries may or may not be selling their natural resources for internal consumption at the world market price, although one would expect that they have every incentive to do so. Moreover, the use of uniform world prices will tend to overstate rents for countries with lower-grade resources.
• Extraction costs are measured at a fixed point in time, a point which differs from country to country and resource to resource according to data availability, and held constant in real terms. World prices vary over time, leading to corresponding variations in calculated rental rates.
• Where the extraction cost data were region-rather than country-specific, the regional cost structure was applied to all of the producing countries in the region.
• Rents on minerals are generally viewed as accruing to the resource owner for the production of the crude form of the material in question, typically an ore. In practice, most mineral operations are vertically integrated to a considerable extent and so the only price and cost data are for refined forms of the materials. Measuring resource rents as described above for these vertically integrated mineral operations therefore implicitly ascribes any excess returns to capital for the milling and refining stages to the resource rent.
The total rent estimates used in this chapter are therefore fairly crude. In compensation, the estimates are calculated using a uniform methodology and the coverage is quite wide. In addition to timber, coal, oil and natural gas, the minerals covered include zinc, iron ore, phosphate rock, bauxite, copper, tin, lead, nickel, gold, and silver. Data problems led to the exclusion of diamonds from these estimates.
Turning to pollution damages, these should ideally reflect emissions and exposure data for the full range of local, regional and global pollutants. In practice, there are no comprehensive data on local and regional pollutants. As a 'place-holder' for other pollutants, therefore, damages from carbon dioxide emissions are included in the genuine saving calculation, using a figure of $20 per ton of carbon derived from Fankhauser (1995) and widely available data on CO 2 emissions from industrial sources. Making a deduction for emissions of a global pollutant is conceptually correct if certain property rights are assumed, in particular the right not to be damaged by your neighbour's pollution emissions. Note that local air and water pollution damages may be 5-10 times greater than carbon dioxide damages in most countries.
Education expenditure data are from Unesco (1998).
Results
Country-level results for genuine saving and its components in 1997 are presented in Table A1 . As this table indicates, negative genuine saving is more than a theoretical possibility. It is important to note several issues with regard to these figures. First, a point measure of genuine saving does not necessarily imply that the country in question is fated for an unsustainable development path; it does imply, however, that continuing the current policy mix is unsustainable. Second, it may be perfectly rational for either extremely poor or extremely rich countries to consume wealth in the short run, in the former case to hold off starvation, in the latter because consuming a very small proportion of wealth entails a low loss of welfare over time. Finally, negative genuine savings rates represent an opportunity not taken: resource endowments represent a type of stored development finance, and some countries choose not to benefit from this natural advantage.
Broad trends in the savings figures can be seen in Table 1 , which summarizes genuine savings for regional and income-level aggregations of countries. Notes: 'Energy producers' are those countries with an energy depletion share of GDP greater than 5%; 'mineral producers' are those countries with a mineral depletion share of GDP greater than 1%.
Comparing low and middle income countries in Table 1 , the 10.2% difference in genuine savings is largely explained by a 9.2% difference in the gross saving rate. However, depletion is significantly higher in low income countries, at 6.6% of GDP as compared with 4.5% in middle income. Much of this difference in turn is a function of the 1.8% of GDP that net forest depletion represents in low income countries. In high income countries, depletion is only 0.5% of GDP and education expenditures are 2% higher than in low and middle income countries.
Tur ning to regional comparisons, East Asia and the Pacific exhibits high gross and genuine savings rates, with depletion amounting to 2.1%. As the events of 1997/1998 have made clear, however, high savings rates are not synonymous with financial and macroeconomic stability, however advantageous they may be for rapid wealth accumulation. In Latin America and the Caribbean the average genuine saving effort is fairly robust, although this masks some individual examples of poor performance as in the case of Venezuela. Other regions exhibit a weak genuine saving effort, particularly in the oil states of the Middle East and North Africa 2 , and in SubSaharan Africa where depletion is a substantial 7.8% of GDP.
Finally, two special categories of countries are summarized in Table 1 : the energy producers and the mineral producers. These are the countries most dependent on exhaustible resources for their livelihood. Energy producers exhibit a gross saving rate similar to that of middle income economies, and elevated levels of education expenditure. Their genuine saving rate, however, is negative at -4.6%, largely reflecting the large energy depletion share of GDP. Mineral producers have gross saving and educational expenditure rates that are not dissimilar to those of high income economies. The genuine saving rate for mineral producers, however, is closer to that of low income economies, again reflecting the overall depletion share of GDP.
More insight into 1997 genuine savings rates is provided by Figure 1 , which scatters the genuine saving rate for the most resource dependent countries (those where depletion exceeds 5% of GDP) against the share of depletion in GDP. As the regression equation next to the fitted line shows, there is a weak tendency (R 2 = 0.389) for increasing depletion shares of GDP to be associated with lower genuine savings rates. The regression coefficients are significant (t = -4.44 and 3.75 for the slope and the constant respectively). The slope of the regression line can be interpreted as an elasticity, and therefore says that each 1% rise in the depletion share of GDP is associated with a 0.82% decline in the genuine saving rate. This slope can also be interpreted as the marginal propensity to consume resource rents, although it must be kept in mind that the slope is derived from cross-sectional data. It says that there is a tendency, looking across countries, for 82% of each increment in resource rents as a share of GDP to be consumed. If in each country all resource rents were invested rather than consumed then no statistically significant tendency would be visible in Figure 1 -an extra unit of resource rent in GDP would have no effect on genuine savings, other things being equal. This interpretation of the regression results must be tempered by recalling that the countries with largest depletion share of GDP (those in the lower right of Figure 1 ) tend also to be those with the largest resource endowments, and so the total rent approach to measuring depletion may be influencing the results derived.
Policy issues
It is abundantly clear that monetary and fiscal policies are the biggest levers for boosting savings rates. The first policy issue is therefore: to what extent do monetary and fiscal policies encourage strong domestic savings?
While natural resource exports boost foreign savings and therefore the overall savings effort, the analysis of genuine savings suggests a further question: to what extent do exports of exhaustible resources boost the genuine rate of saving?
3 The answer to this lies in netting out the value of resource depletion from gross export values.
More optimal natural resource extraction paths will, other things being equal, boost the value of genuine savings. The policy question for natural resource management is therefore: to what extent can stronger resource policies (royalty regimes, tenure) boost the genuine rate of saving? 3 The question is also germane for unsustainable forest harvest programs. 
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Similarly, reducing pollution emissions to socially optimal levels will boost the value of genuine savings. The policy issue with respect to pollution is: to what extent can more optimal pollution control policies increase the rate of genuine saving?
Note that the policy prescriptions for boosting genuine savings should never be to stop extracting resources or emitting pollutants altogether. Rather, pricing resources and pollutants correctly and enforcing property rights will lead to efficient levels of exploitation of the environment, reducing incentives to high-grade resources or pollute indiscriminately. Optimal resource and environmental policies will maximize genuine savings, subject to the macroeconomic policy regime in place.
The sorts of issues raised by Gelb (1988) about the nature and effects of oil windfalls in developing countries are particularly relevant to the policy issues just raised: without sound macroeconomic policies and prudent allocation of public resources, the effects of reliance upon large resource endowments can be negative for many countries.
Conclusions
Growth theory provides the intellectual underpinning for expanded national accounting and, through the measure of genuine saving, an indicator of when economies are on an unsustainable development path. This theory points in useful directions for countries concerned with sustainable development.
Far from being a mere theoretical possibility, there is abundant evidence for countries whose policy mix results in negative genuine saving rates. While the latest World Bank estimates for 1997 are emphasized here, previous studies such as Hamilton and Clemens (1999) and Atkinson et al. (1997) have shown this to be true over decades as well.
The evidence suggests that, while extractive economies are potentially sustainable if resource rents are invested in other productive assets (including human capital), many of these economies have not chosen this path. The results presented here show distinctive patterns of genuine savings across regions and country income groups.
However, as the example of Southeast Asia in 1997/98 shows, robust genuine savings do not necessarily lead to a smooth development path. Some of the broader lessons from the financial crisis in Southeast Asia concern the rates of return that were achieved with these savingsanother definition of a 'non-performing asset' in the portfolio of a financial institution is an asset that is yielding negative or exceedingly small returns. So the lessons to be drawn from the analysis of genuine saving must go beyond the level of saving to a concern with the quality of the investments that are made.
The genuine savings analysis raises an important set of policy questions that transcend the traditional concern with the macro and microeconomic determinants of savings effort. The questions of rent capture, public investments of resource revenues, resource tenure policies, and the social costs of pollution emissions are equally germane in determining the overall level of saving, although it is clear that monetary and fiscal policy remain the big levers.
This analysis also provides a practical way for natural resource and environmental issues to be discussed in the language that ministries of Finance understand. This may prove to be an important advantage as many extractive economies struggle to achieve their development goals. Notes: In certain instances (Benin, for example) there are missing data on educational expenditures, but a genuine saving rate has been calculated. In these instances the genuine saving rate is understated.
Annex 1. Deriving net income and genuine saving.
What follows is an outline of a general result with regard to savings and sustainability. We assume a simple economy in which a composite good can be consumed, invested or used to abate pollution. Welfare U for the representative individual in this economy is a function of consumption and some number of stocks of living and non-living natural resources and pollutants, with the stocks of natural resources (e.g. forests and other green spaces) generally adding to welfare, and the stocks of pollutants decreasing it. The measure of wealth W for this society is defined to be the present value of welfare on the optimal path over an infinite time horizon,
where ρ is the pure rate of time preference (assumed to be constant).
Production in this simple economy is defined by an aggregate production function that combines produced assets and natural resources (labour and population are assumed to be constant, and so are factored out of the model) to yield the composite good. Production leads to pollution emissions, which may be abated by some input of the composite good; pollution emissions accumulate in stocks that dissipate as a result of natural processes.
Genuine saving G for this economy is defined to be the sum of the net investment in produced assets and the physical changes in the various stocks of natural resources and pollutants, valued at the shadow prices supporting the optimal path-scarcity rents in the case of natural resources, marginal damages in the case of pollutants. For this simple model it follows that at each point on the optimal path,
and therefore that,
If genuine saving is negative at a point in time t on the optimal path, therefore, wealth is declining and welfare at some time in the future must be less than it is at t. Measuring negative genuine savings is an indication that the optimal path is not sustainable.
Expressions (1) and (2) are quite general, requiring only that the pure rate of time preference be fixed.
The general model of genuine saving just presented can be adapted to highlight the accounting issues for a small exporter of exhaustible resources. To achieve this a simplifying assumption needs to be made: assume N deposits of a homogeneous resource, where the Nth deposit is specialized for exports, the N-1th is on the frontier and expands as a result of exploration expenditures, and the remaining N-2 neither export nor expand, serving to meet domestic demand. Although the resource is homogeneous, the deposits are not and have specific extraction cost functions f i (R i ) 4 (where R i is the quantity extracted from the i-th deposit) and individual stock sizes S i . For the N-1th deposit, new discoveries of quantity D cost an amount v(Q,D) in exploration costs. These exploration costs are an increasing function of both the quantity discovered and cumulative discoveries Q -that is, 0
Total domestic supply of the resource is defined by R,
Depletion and accumulation for each of the resource deposits is given by, 
4 Unless otherwise stated, all variables are assumed to vary over time (and so have an implicit time subscript).
Cumulative discoveries are given by,
For foreign assets A, repatriation of assets M, fixed foreign interest rate r, and international resource price path p, the accounting identity for foreign trade is,
Domestic production is defined by a production function F = F(K,R), where K represents produced capital. Labour and population are assumed to be fixed, and so can be factored out of the production function. The overall accounting identity for supply and disposition in the economy is defined by,
This says that the sum of domestic production and repatriated foreign assets just equals consumption C plus investment plus resource extraction costs plus resource discovery costs.
The usual efficiency condition for foreign trade is assumed: the domestic economy is indifferent between exporting and domestic use of the resource commodity, implying that the domestic resource price F R (the marginal product of the resource) just equals the international price, p F R = .
(10)
The optimal growth problem for this economy is to maximize the present value of welfare U, assumed to depend only on consumption C, subject to conditions (1)- (10) 
by choosing optimal time paths for C, R i , D and M. By solving this growth problem and deriving the shadow prices of all assets, net national product (NNP) for this economy, using the extended Hicksian definition of income, is given by, 
Genuine saving is just NNP -C.
Note that the first five terms in this expression are simply GNP: consumption plus investment plus net factor income from abroad, plus exports, less imports. The next term represents the value of depletion for each of the resource deposits, while the next implies that resource discoveries should be included in national income valued at marginal discovery costs (as shown in Annex 1, this is necessarily less than the marginal rental value of these discoveries).
The final term embodies the effects of changing terms of trade as international resource prices vary over time. It equals the present value of resource exports (discounted at the fixed international interest rate) weighted by the percentage rate of change of international resource prices. If resource prices are constant in the future then this term equals zero. If international resource prices fall in the future at an average rate of 1% per year (a good approximation to what has happened to crude petroleum prices over the long term), then Hicksian income will be less than national income, as ordinarily measured, by 1% of the present value of resource exports. Rising resource prices would have the effect of boosting Hicksian income.
Expression (12) can be interpreted to mean that depletion should be measured resource deposit by resource deposit, assuming that sufficient data exist. The treatment of resource discoveries can be traced to Hartwick (1992) -as long as there is not a wide divergence between average and marginal discovery costs, this suggests that standard national accounts already provide an adequate treatment of discoveries, since the SNA treats most exploration expenditures as investment. The effects of changing terms of trade were derived in Vincent et al. (1997) .
